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_ An optical storage medium of the present invention enables 
(76) Inventors‘ ARI storage of data With high precision at high speed, and 

N‘IS‘IHLI‘IIéAT A N A(Kkl M A CHI JP _ reWriting of data at high speed Without an erasing process. 
T SUT OMU I’SHH N ' M A( C131 Optical storage, reading and retrieving methods and optical 

’ ‘ ‘K‘ ‘1' storage, reading, and retrieving apparatuses using the 
(JP) medium are also provided. The optical storage medium has 

C d Add _ at least a polarization-sensitive member having the photo 
OCEEFIEOS EIEIZRIDrGeISES' induced birefringence property, such as a member made of 
PO BOX 19928 polyester polymer having cyanoazobenzene as a side chain. 
ALEXANDRIA V A 22320 The above apparatuses have spatial hght modulator capable 

’ of modulating polarization. The modulator provides infor 
(*) Notice: This is a publication of a Continued pros_ mation of bit of two-dimensional data to each corresponding 

ecution application (CPA) ?led under 37 pixel by application or non-application of a voltage, and 
CPR 1 53((1) modulates the polarization of the beam incident on each 

' ' pixel. Thereby, a signal beam transmitted through the spatial 

(21) APPL NO; 09/056,798 light modulator having a 'spatial polarization modulation 
corresponding to the two-dimensional data is obtained. The 

(22) Filed; Apt; 8, 1998 signal beam illuminates the optical storage medium, and at 
the same time, a reference beam illuminates the same region 

(30) Foreign Application Priority Data in the medium Where the signal beam illuminates. Thus a 
hologram of the polarization modulation of the signal beam 

Feb. 16, 1998 (JP) 10-32834 corresponding to the two-dimensional data is stored in the 
Apr. 11, 1997 (JP) ............................................. .. 9-94194 optical storage medium. 
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OPTICAL STORAGE MEDIUM, OPTICAL 
STORAGE METHOD, OPTICAL STORAGE 

APPARATUS, OPTICAL READING METHOD, 
OPTICAL READING APPARATUS, OPTICAL 
RETRIEVING METHOD AND OPTICAL 

RETRIEVING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method and 
apparatus for storing data in an optical storage medium, 
reading the data from the optical storage medium, retrieving 
the data from the optical storage medium, and also relates to 
the optical storage medium used for such data storing, 
reading and retrieving. 

[0003] 2. Discussion of the Related Art 

[0004] A reWritable optical disk such as a phase change 
disk or a magneto-optical disk has already used Widely. The 
storing density of the optical disk is larger than that of a 
general magnetic disk by at least one digit. HoWever, it is 
still insufficient for digital storage of image information. To 
enhance the storing density, it is necessary to reduce the 
beam spot diameter to shorten the distance to the adjacent 
track or bit. 

[0005] A DVD-ROM is put into practice by such devel 
opment of technique. The DVD-ROM With 12 cm diameter 
can store 4.7 GByte data on one side. A Writable/erasable 
DVD-RAM With 12 cm diameter can realiZe high-density 
storage of 5.2 GByte data on both sides, Which is more than 
7 times as large as the capacity of a CD-ROM and corre 
sponds to the capacity of more than 3,600 ?oppy disks. 

[0006] The optical disk has been improved to obtain 
higher density and larger capacity from year to year. HoW 
ever, since the optical disk stores the data in the tWo 
dimensional surface, the storing density is restricted by the 
light diffraction limit and is nearing 5 Gbit/cm2. To obtain 
larger capacity, three-dimensional storage (volume holo 
graphic storage) further utiliZing a depth direction is 
required. 

[0007] Materials for the three-dimensional (volume holo 
graphic) optical storage medium are, for eXample, a photo 
polymer material, photorefractive material and the like. 
Since these materials change their refractive indeXes by 
absorbing relatively Week light beam, it is possible to use the 
change of the photo-induced refractive indeX for storing 
information. Therefore, these materials can be used for 
multiplexed holographic storage that realiZes the larger 
capacity. 

[0008] An eXample of high-density storage utiliZing the 
photopolymer material is discussed in “SPIE Vol. 2514, 
355”. Shift-multiplexed holograms are stored in a disk, that 
is made from DuPont’s 150-100 photopolymer and rotated, 
using a spherical Wave as a reference beam. As a result, the 
storing density of 10 times as large as that of a CD currently 
used, 10 bit/p m2, is obtained. 

[0009] An eXample of high-density storage using the pho 
torefractive material is described in “OPTICAL ENGI 
NEERING Vol. 34, 2193 (1995)”. It is reported that 20,000 
page holograms are multiple-stored in Fe-doped LiNbO3 
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crystal of the siZe of 10><10><22 mm, and thereby about 
1-GByte data storage is achieved. 

[0010] The holographic memory can store the large capac 
ity of data as described above, and in addition, it can Write 
and read the pieces of data disposed tWo-dimensionally. 
Accordingly, it is possible to perform high-speed data stor 
ing, reading, retrieving, correlation detection and transfer by 
using the holographic memory. Speci?cally, the folloWing 
data retrieving method is disclosed by Japanese Patent 
Application Laid-Open No. 3-149660 (1991). 

[0011] FIG. 26 shoWs a device for retrieval. A laser 101 
emits a laser beam to read pieces of tWo-dimensional 
retrieving object data holographically stored from an optical 
memory 102. Adata pattern image is Written to a spatial light 
modulator 103 of the optical address type. TWo-dimensional 
retrieving data is Written to a spatial light modulator 104 of 
the electric address type that is a liquid-crystal display 
(LCD) panel. 
[0012] The spatial light modulator 104 is illuminated With 
a laser beam as a read beam from a laser 105 through an 
analyZer 106. The polariZation state of the beam is changed 
in accordance With the retrieving data, and the light trans 
mitted through the spatial light modulator 104 is re?ected off 
a half-mirror prism 107. Then the light forms an image on 
a readout surface of the spatial light modulator 103 of the 
optical address type. 

[0013] Thus, the polariZation state of the read beam is 
modulated by the spatial light modulator 103 for each piXel 
in accordance With the retrieving object data. The read beam 
illuminates a photodetecting array 109 through an analyZer 
108, and the photodetecting array 109 performs batch detec 
tion as to Whether there is any read beam transmitted through 
the pixels. Thus the batch detection of matching betWeen 
bits of the retrieving object data and those of the retrieving 
data is possible. 

[0014] “Conjugate Image Plane Correlator With Holo 
graphic Disk Memory”, A. Kutanov and Y. Ichioka, OPTI 
CAL REVIEW Vol. 1.3, No. 4,1996, pp. 258-263 describes 
a data storage method and data correlation detecting method 
as folloWs. 

[0015] FIG. 27 shoWs a device used in the storage method 
and correlation detecting method. In storing the data, tWo 
dimansional data to be stored is displayed on a spatial light 
modulator 111 of the electric address type that is an LCD 
panel. A signal beam 112 having a tWo-dimensional ampli 
tude modulation transmitted through the spatial light modu 
lator 111 is Fourier transformed on a Fourier plane P1 by a 
lens 113 and illuminates an optical memory 114. At the same 
time, a reference beam 115 illuminates the optical memory 
114 and the tWo-dimensional data is stored as a Fourier 
transform hologram in the optical memory 114. 

[0016] In detecting correlation, the tWo-dimensional 
retrieving data is displayed on the spatial light modulator 
111 of the electric address type, and in addition, a read beam 
116 having conjugate relation With the reference beam 115 
used in storing illuminates the optical memory 114. The 
diffracted beam of the tWo-dimensional retrieving object 
data is read out from the hologram stored in the optical 
memory 114, and the diffracted beam is transformed on a 
Fourier plane P2 by the lens 113. Then the beam illuminates 
the spatial light modulator 111. 
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[0017] Accordingly, the transmitted beam from the spatial 
light modulator 111 is an optical product of the retrieving 
data and the retrieving object data. If the retrieving data and 
the retrieving object data match With each other, a strong 
correlation peak appears on a Fourier plane P3 through a 
lens 117. By detecting the peak, correlation betWeen tWo 
dimensional images can be found. 

[0018] As an optical storage medium in Which the holo 
gram can be reWritten, an optical storage medium made of 
liquid crystal polymer is disclosed by Japanese Patent Appli 
cation Laid-Open No. 2-280116 (1990), and an optical 
storage medium made of a phase change material is dis 
closed by Japanese Patent Application Laid-Open No. 
4-30192 (1991). 
[0019] As described so far, attentions have recently been 
paid to the holographic memory to improve the memory 
capacity and processing speed, and the retrieving method 
discussed With reference to FIG. 26 and the storage method 
and the correlation detecting method discussed With refer 
ence to FIG. 27 have been proposed. Furthermore, enhance 
ment of the signal-to-noise ratio (S/N) has been researched 
to realiZe high-density storage. 

[0020] HoWever, the conventional retrieving method, stor 
age method and correlation detecting method explained With 
reference to FIGS. 26 and 27 have adopted a spatial light 
modulator of an amplitude (intensity) modulation type that 
is an LCD panel 104 or 111. Therefore, the folloWing 
problems have been caused. 

[0021] As shoWn in FIG. 28, like the spatial light modu 
lators 104 and 111, an LCD for displaying data is con 
structed by forming a liquid crystal cell 124 containing a 
liquid crystal 121 and electrodes 122 and 123 on both sides 
of the liquid crystal 121 and disposing polariZers 126 and 
127 on the outside of the liquid crystal cell. Dichromatic 
polariZers are used as the polariZers 126 and 127 because 
they can be doWnsiZed easily. HoWever, since the transmitt 
nace of the dichromatic polariZer in the direction of trans 
mission axis is as loW as 70-80%, if tWo dichromatic 
polariZers are used together, 50% transmission loss is 
caused. 

[0022] Therefore, in the case Where data storing and 
reading are performed by utiliZing the spatial light modu 
lator that is an LCD panel, the light intensity is reduced in 
both of the storing and reading processes, and thereby S/N 
is also reduced. As a result, deterioration of hologram 
storing density or retrieving precision occurs. If the laser 
poWer is raised for increasing the signal intensity, a life span 
of the laser is shortened. 

[0023] In storing and reading the data utiliZing the holo 
graphic memory, there are the folloWing noise factors Which 
determine a bit error rate (BER): 

[0024] (1) noises irrelevant to the quality of the 
hologram caused by a photodetecting array such as a 
CCD or the like; 

[0025] (2) diffracted light from the adjacent holo 
gram (crosstalk betWeen pages); 

[0026] (3) crosstalk betWeen pixels in a reconstructed 
image; and 

[0027] (4) ?uctuation of diffraction efficiency in a 
single page or betWeen pages caused by the defect of 
a crystal or optical system. 
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[0028] Information storage utiliZing the amplitude (inten 
sity) modulation is apt to be affected by various noises, and 
the storing density of the storage medium depends on the 
signal to the noise ratio (S/N). Therefore, several coding 
attempts have been made to restrict BER in the same Way as 
other ?ling systems. 

[0029] In the case Where pieces of tWo-dimensional data 
having correspondence of [clear, dark] to [0, 1] are multiple 
stored in holograms, a crosstalk resulting from the ?uctua 
tion of the diffraction ef?ciency occurs because the Whole 
light intensity of the signal beam used in storing cannot be 
constant according to the data. To avoid the problem, a 
differential encoding method is adopted, in Which [dark 
clear] corresponds to [0], and [clear-dark] corresponds to 
[1]. HoWever, in this case, the coding ratio is 0.5, in other 
Words, using efficiency of pixels is decreased. 

[0030] As described above, if the spatial light modulator 
of the amplitude modulation type is employed to input data 
or retrieve data, some problems arise such as a loW light 
using ef?ciency, deterioration of S/N, need for a special 
encoding, and so forth. Consequently, high-density storage, 
Which is one of the characteristics of the holographic 
memory, cannot be sufficiently achieved in fact. 

[0031] Moreover, the conventional data retrieving method 
explained With reference to FIG. 26 has problems in that: 

[0032] (1) an expensive spatial light modulator 103 
of the optical address type is required; 

[0033] (2) a highly precise alignment of the spatial 
light modulator 103 of the optical address type and 
the spatial light modulator 104 of the electric address 
type is required; 

[0034] (3) storage of a hologram in the optical 
memory 102 requires another spatial light modula 
tor, and so forth. 

[0035] The conventional storage method and correlation 
detecting method described With reference to FIG. 27 can 
avoid the above problems (1) to HoWever, since the 
detection of correlation betWeen the data depends upon 
Whether a correlation peak exists, a serious problem occurs. 
That is, it is impossible to detect matching betWeen a bit of 
data and that of other data that are complex and of high 
density, though a correlation value betWeen pieces of data 
can be obtained. Therefore, these methods are not suitable 
for a computer ?ling system capable of retrieving. 

[0036] It is possible to reWrite the hologram by using 
photo-refractive materials such as Ba2TiO3, LiNbO3, SBN 
(SrXB1_XNb2O6), or the liquid crystal polymeric material 
disclosed in Japanese Patent Application Laid-Open No. 
2-280116 or the phase change material disclosed in Japanese 
Patent Application Laid-Open No. 4-30192. 

[0037] HoWever, the conventional optical storage medium 
and optical storage method using thereof, in principle, cause 
some changes in the materials in a portion of high light 
intensity, and in contrast, do not cause any change in the 
materials in a portion of loW light intensity. Therefore, if it 
is desired to reWrite the data Without an erasing process, a 
problem occurs. Suppose that, in a region, the content of the 
previously stored data causes changes in materials by high 
light intensity and the content of the neW data does not cause 
changes in materials because of loW light intensity. In the 


























